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(57) Abstract: 



PURPOSE: A clock forwarding circuit having 
characteristics for detecting an automatic clock 
delay and setting an initial parameter is provided to 
transmit data between circuits without error and the 
affection due to the delay in interface clocks, by 
automatically detecting the delay, and by forwarding 
the clocks corresponding to the detected delay. 
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CONSTITUTION: A clock generator(1 1 0) produces 
the bit clock for inputting and outputting data. An 
output clock control logic(120) controls the clock 

signal from the clock generator(1 1 0) to generate and apply an output clock signal(CLKJDUT) to a slave 
circuit. The data(DATA_OUT), transmitted from the internal data bus(130) of a master circuit, is output to 
the slave circuit via a data control logic(170). The slave circuit receives the clock signal(CLK_OUT) and the 
data(DATAJDUT), and outputs an input clock signal(CLKJN) and an input data(DATAJN) to a clock 
forwarding circuit(100) in the master circuit. A delay detection circuit(180) automatically detects the delay 
and applies the initial parameter(initJJNLD) corresponding to the delay to a load/unload clock control logic 
(150). 
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(54) xi§ i^i gaoi gg s ^ji hkhuh 7Rg asia gg 

Sie #CH, CPU(central processing unit)2h US Dfc£E1 £|S(raaster circuit)*! ^E71 S7«iM 

©a &£so ousei &*i s Ai^ei m^ai- irs &aois sissi #q S7K&U2 2ia. #aois 

£1S;r SI Lii 01 El 3SMS 558 0h±E1 SISfi* 21V o"E15fi0|^# ^«&fe0H, 5lS# AhOIQil 
SEIBlOli tie ^ dS^Ofl^ 0faSE(mother bbard)°j ^20fl2J© HEilOl (delay )7I- £XB©Cr, fl 
St°J #q ^E#0I tDSI- OlOlEIg S9/2!S9(1oading/unloading)3r7l WW £fflM0lf! Oh 

^(operating marginal MCHSQ. ttEMiL &>\ SIS1 AH3I0H 1© SOI OlOIEm 2£Sr?Pt OlECr. 
OEM, SlSt Af0|21 0101 El 3M QBaiWI A°H> £ USOfl H4*r Oh^El SIS^ #7| §1511010 XI- 
§2? SSSrB, #7| B Ell DIM i^ll 3EflS«K7|(SM S«PI) fl© M 5fl9 SIS 

(clock forwarding circuity 5fcl©Cr. «| SISS A|OI°l OI0IE1 #^#3 *fl9CHI °1$RAj 

yaioioii stm ©Xi s^n ^© 301 * sick 

e is qk^eh sisai- #aoi« sisM ^ui© axii k\±^\ jh^iss soi?7i a© 

E.2A-2C= E 10H EAIS 0^E1 SJS2J SI §^ W% ;i!S#°| 2?M fl© &0I9E; 

£3§E 1011 EAIS! Dt^Et S1S°i H.39I9 MOI 2|© £J*M 91 iM S*l a»2| £71 ft SOI 
371 fl© EH3I9E; 

E 4^ B H90I D^E1 SIS2J fl© §^E; 

E 5^ E 40fl EAIS SBIOI 2£ SISB £0l£7l fl© S1SE; 

E 6S E 5011 EAIS SB0OI 2# S1S°J §3© fiOIWI fl© EKJI9E; 

£72 £ 5011 EA|=! 'BeflOl 20 SI SOI SJtlAI SgS 5ICH SaiOIDil CH^EI^ «l IDBKllEi* SOI 
^71 fl© £S; 

£ 8r E 40il EAI*! SE/3SE |q flIOl HOI^I fl©^ 5ISE; 

£ 9r £ 8011 EAIS SE/2)gE JQOI S01^7| fl© EH3ISE: 

e ids e 4M eais sE/eisE BEi'M/dff ac«^7i *i© $ise; aeiii 

E IIS E 4011 EA|£! 5fl§ S1S2J SOIWI *l© EfOISE. 

*E9°J ^fi ^Oil CH© ^S* 

100 : m 5fl9 SIS 110 : M WUEilOIEI 

120 : ^|CH SSI 130 : LHV ElOfEi 

140 : gj^ ^lOi S3 150 : 3=/S'3= 1 BJ XilOi S3 
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160 : SE/2SE BE!9@!AJ 170 : DOOlEi M0\ 
180': itfflOl 3^ SIS 

^&tr Jf&&& g? J SOW 

& SSS UJm Sa^eig 23£|S(digital information processing IC).0fl 5# § Q ^fll 

?!©£= #q .gaiOl 3! £?l EeH3IE1.S!a-5g9 M^l SSIS a £01 5?fcJ 30ICr. 

£ IS DK)|3SHSJk|Aj(0|IS 13 CPU)2f 1*^ Dr^t. SI 5 (roaster circuit ; 10), MS 
El §*l S AI3^ bH±(E= AI^H gf£ ^aiOIS S13(slave circuit ; 20 Htfr= Al± 

THBpsjSS SOI* 71 Sltf g^E 0IQ. 

E 11 #aiO|M 5|S(20)= .9 QIQIEI SSii BUM 0r±E1 5] ^(10)21 21^ °JEiII1! 

0!^e ^tBSJCr. 0h^£1 S|S(I0)= 93 £j£(CLK_0UT)2r CHOI El ( DATA-OUT) § ^aiO|£ S|£(20)£ W 
£3£!0. 0MOI" 613(20)= #71 93 dfi(aK.0UT)Sir CflO|E1(0ATA_0UT)M MTOrMOl M3 ^2 
(CLKJN)2| aiO|Ei(0ATA_1N)l O^EI 5|S(10)S 0171 AJ, W 93 £)H(CLK_IN)= W 1 

3 £!2(CLKJ3UT)2J E1E«| S3 £]S (feedback clock signal)OIQ. D^E1 SI3(10)=, #310! H SIS 
(20)S^Et°J aOIE1(0ATAJN)9 333r=m S3 #3 &!S(CLKJN)9 AtSfttiZ, SSS S3 EIOIEI 
(DATAJN)9 LH¥CHIA1 JjaSfeCD #3 13 £lfi<CLKJ)UT)9 AtStJQ. 

E 2A-2C= £ 101 EAia 0h*E1 S|3O0)2| S3 Si §3 £2t2J ^1 MO|^7l BOISE 01 
D, E3i §2fi*=, 13 dS9(CLK_IN, CLK.0UT) AK)IQi!= Hai01(delay)7l- £XH3r=HL 01= OfciEl 
113(10)21 aaiOlM S|S(20)9 5#©t= 0HH2E(motherboard)2J 7ieit»Ch 0121- ^TS 92H0I 

it, £1313 ^ 93 [IlSOil 2KW= 0^?h £*IIE ^A|?|X| SlStCh £ 2AWI EA|£! Um 
201. 93 ^E= D^Ei SI £( 10)21 LiiQIEi 39 ( loading) SI = 39 (unloading) £lo8 
£IHcHI0ig 0R5! (operating roargin)M fiStttt. HEiU. Sl= WW □}■— Ei SI3H0) S tSIOIH 
SI£(2Q)92J 13 *rE7r »f3Qg §* P 0I 2!Q. £ 2KHI £A|^! UK! SOL Or^EI SIS(IO) S idlOl 
H SIS(20)2| ^E^h g^l^(Hi.[Cf£f £B&i|0IU Dl-Sg a^t^D. 3 ^Hr. ^cilOIS SIS(20)(HAI 

o^ei sis('io)S2i moiEi &m as?Kar«a 4= sia. e 2ce siaaioi^ oi-ae 

SSB- ^ SI SES ^E7KHeFXia,..^7l C1IO|Ei(DATA.IN)e Or^EI SS(10)S °^SWI 2^ 
oKr 2tS CM-STfl SQ: SfflEIIOIS 0^ 2J0I W M ^S(CLK_CUT)7h dS(CLK_IN) 

swi uBsoii. o^Ei tisdojsj co'diei. ass cdoiei sa ssr.oi-«oi ^ s^i 

H= 30ID. sst^ g = E1 Al^CH) S1CHA1, 01 Blti" 2JEHGilO| ^ £Sfl# Klofe «&l ^E 

(processing speed)?} S^WII ora- OiS|.*IXIIl -OiertJ- *IISWI ^1^ WI.0I »S 9 

»tt(clock torwirding method)0ID, 

E 3^ E itm EAIS D^EI 3S2J -39I-S ttlSOl 2|t» S 9^ ."d*»2| 9709' SOI 
E1-0I9E OIQ. 01 ^OijAI, SBIIOIOI -.^«r= 9S £719= E 1 CHI EAIS.M 3?J 

ss(io)si aoiEi ei'su s«fs aoia-sa i^ oi^on 4«9 * 2^1 sa. aeiss, ^eiiois ti 

S(20)S^E1 a^S CilOIEI(OATA.IH)^ O^EI s|S(10)S SWrTil S^S ^ 2iCf. 
M^IEJ 5SI99 9lt|A| 4 5$|g . fflsn00)2| QIOJEH 471 KiehO|E1#( initial 

parameters)^ Sfl7r 21D. 8IB8)SS. 01 i?l IDaDia9S Ora^E PWOIUOfl °I^BA| 013 

SSEI2. H'SS ZtSS »l I s ! 5$l9;tlS( 100)011 21^ R0M(read only memory) (01 EAIS) 

CHI a'SOl * D^Ei SJS(10)7r^7|$|- 9 OH, ^71 nemiE19S .9«192| £$I9# 

*ioH S9i3 sis (100)01 sssa. oi ^7i mamiEioii ?i^ 9«i swsou sotai. ftaqig a 

S(20)S¥Ei sag aOlE^ Oh^e SHE 9U«KI SMI 0^E1 S|S(10)S ?!twm 1 
^ S1Q. 

CH€> 01= . 1383=1 31J 7^ Sager et al.OI §§S U.S. Pat; No. 4,811.364, 
"METHOO AND APPARATUS FCR STABILIZED DATA TRANSMISSION", 1990^ 123 183 Sager et al.Ofl SJ^H §^ 
S U.S. Pat. No. 4,979,190, "METHOD AND APPARATUS FOR STABILIZED OATA TRANSMISSION", 3EIH 1985= 
6^ 25^ Wolf Oil 2in U.S. Pat. No. 4,525,849, "DATA TRANSMISSION FACILITY BETWEEN TWO 

ASYNCHRONOUSLY CONTROLLED DATA PROCESS INS SYSTEMS WITH A BUFFER MEMDRTOI SJQ. 

ShHIAl M^t> tir2r W\, i^ii 5?4S 9\t* £?\ 0^C^aE UWIUOij 2|W XI 

^£ihs, eiauisj g^ioii unm/d y^^f s^hach »e .oma, ^i nefoiEHtoi romcki 

2Sa ^S K1SFJ7I HE gOO-, ffl^Oil 2|« CflOIEI 3d 2WI- WV ^ SIS9 AfOI 

21 EOQIEj 2^9 Bt§3j*r7l 01 as SiQ. 

coehAi, e ©ssj A^*h ggj. mswi '*i*b was ^iss, sis9 ahdi^i caoiei s 

*9"StS«ePI ^loH, eiElifflOl^ AKDI2J gaiOI9 ~k\%SL^ S«H1 mOIEI SS/=SS i7l 

■©301999 SI9V ❖ 2i= PH9 SSflEI IC9 ^S5h=Cfl SSO. 
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m UW ^~ & U32J 92*r7l B 9S2J ^gOil 2JS*9, CUIl Ai±g|£, 13 5 

*ig ass ^hiskq, « 1 wdsiiiawi w oi±Ei sissk #7i n^a sisoii ssticn & 
m t w ^HDii 5?ia a 2 sb* iisf : Br«spi aaiai* ass atiao. #7i ssj 

9 4|3£ 2 S3 <ys^ BT0I-S0II1, 731 1 3! H 2 P ^Hp AI0I2J 90IOIM 3S*HL 3EIB 
#71 9010lg 7I4SSKW #71 DI^EI tflOIEI SE/2SE £71 sre ^StCh 

C^AJOfl) 

Oloh & ^Qll [[J-E ^AIWIM £9E4 LHXI E IIS #A1S| gStlQ. 

S W^2J Ai^eh gq 4|S£ CH101EH E£W 2J§4|$r7l *l*llAi, °]EiIH10|± S3S0I 7>X|H & 

b gaiois Af€£s assm, a§s 90101011 #gsfe s^ss *si£i *jck^ s^co. 

3 12K #71 4iS# A10I2J L110IE1 M^MSJ 5*49011 2J*BA1 90I0ICHI 3tf§ SKQ g*> 

SOI 4 2iQ. 

•E 4£ g 92(HJ BJ«i D^a f|S2J S3 5^4 S 4IS1 TH^ES £01^71 W M^E OIQf. E 4 
M S5«I3, S3 5319 SIS(!00)= M3 SOU aO I El (clock generator ; HO), ^3 M3 HOI 
(output clock control logic ; 120), LH" CHOI El tH^( internal data bus ; 130), S3 ^3 SHCH S*l 
(input clock control logic ; 140), 3E/21SE S3 H101 S3j( load/unload clock control logic ; 
150), SE/3SE SE1S3AK loading/unloading multiplexer ; IS)), CflOIEI MCH S3(data control 
logic ; 170), 90101 3§ 4IS(delay detection.circuit ; I90)S StftO. 

:§3 XOUaiOIEKIIOm HIOlEi £J3 5! -g3# UIM i^i B^tO. £3 W . 73ICH 

£*l'(120)S, -fl«l.]«ue|0|E|(UO)SW1Sl S3 £2:1 HI 01*101 ^3 Sq. dS(CLK.0U7)S 0OIOIM 
41 SS SfgfcJO. .01 till, Dr^Ei g"S2| LH¥ CflOlEi H1^(130)S^E1 S£2 S3 «0|EUtoTA_OUT)£. 
D0OIE1 HICH S*!(170)# Sftl ^cflOIH g^SD, 

#71 Ul±E] 4]S2t 21 ¥ eiEiSilOI^S 4=tS§r= ScflOl" 4IS^, Of^EI 2|SS¥E1°1 iis 
(CLK.0UT)2| C1IO|E1([3ATA_0UT)§ OT«012. d3t(CLK_IN)2|- LilOIE1(0ATA_IN)m Dh^EI 

41 £2| Mq 3«9 41S(100)S S^^D. 01 S«l d2(CUCIN)^ §q d2(CU<_0UT)21 El 
£W AjS(feedback clock signal )SAI« ^ 6»5:1(CLK_IN, CLKJ3UT) AH3ICH1— 9^017^ £U 
*CK 01 gaiO|£ OI^Ei 4|S2r gcilOIH SISS 5t,^r^ □HUMERI ^?20fl Sltl'VSSa. 

£71 "4ISB-AKII2I QI0IE1 ™gM Sft 99^.1 ^loBAI, 93101 3^ aSU80)= Ar§ES #71 9211011 
35&KQ yaiOIOil CH^Eie .^71 .D}E|O|E1(.lnit_UNL0)e SE/^SE .. S«4 . WO|. S.5|(150)SS 
^^*Hlr. SE/2SE m^S «C« M3|(150>g, #q 6!^(CLK:iN) -a Ej^ iq XflCH S3|(140)£ 
S^El *IIOI£] dtoOLKJOUT'-XHI S&ffBAi, D4= SE BIOl d2S(LDs) 7H^4 2?SE 

7HICH i!H#(UNL0s)g SE/2!SE -flEISC*A|(.160)S tfmHIt. ;SE/2)SE SEIS«|-A|(JBOjQ0'AI. ^71 
SE |' 2)SE BOl ^2s(L0, UNL0)s, H3J#2| .£7| ^OlAI^Ei S4SSI7I AI^D. 2ISE flICH 
221 i7l 4^71 a-7l.'EEKIIEI(rnitJUNU))0|-2|«id 53§ E1H/SE 731 CH d S2J ■ -4 71 £S 
S i3U aQ, 01^71 '&«S! #71 SE ^ 2SE HOrafiS<LDs, UNL0s)Dil 21oHM SE/^SE ^E| 
s^!AK160)^ £jq OIQIEi(DATA.IN)S SatT.-^' SiH, 3£IH'£9S EJ^ Q1IO|E1(0ATAJN)g #711 

aoioi sw'er* sffl-aoiEi xiioi S5<(i70)§ mi d^ei siss soi ^ sid 

E5r£ 4CHI EAI& €0101 3S SISS S«^7I S1SS0IQ. E 51 90101 30 41 

S(180m 30-^(188), dim ^^(195) Si MO\ ^y(198)# 5*t!a. 

3g" ^y(i6B)s ds(cu_iM>aj ^s(clk.ciut) ahdisj- 90ioie sat^a. una 

^y(195)S.N 7H2J 3^S 9010IMs HIjKHI, 5^ .3©^ 90101^01 g-*|4H3 faUSS 22*g ^71 
I^0ia(lnlt_UNLD)SA1 SE/2ISE S^ flIOi S^(150)SS S«WCK' S«f Eg 3^^ 901 

0IS0I 9xl7hXl S^ES HQ £y(l98)£ ^IUOIOIEi(MO) Si 3 a ^1088)1 EI 5! t^Q. 
UAi, SO 01 Sy(198)£, ^IUOI01E1(110)2J #EH7I- ^m mm. lE|^(release)& m) Eg 3 
S3 9O10IMOI 9x1^- HIIBrXI. N UIS 5EI gy(N bit free running)01i 2J$8 9O)0|#M Hli2tl 

a. 

#71 3P ^y(188)s ?hgu ge(i81)2l- 90101 3§ SIS(i84)S «lt?D. 4IS(18im HI 1 

D-SSSS(18Z)32t k 2 0-S^ise(183)^ iti^D. 2|Z|2J W^BBZ Dr^EI 4ISS^E12| §q #q 
£h(CLK OuT)(HI s&oHAi S§g £«fCh 3EIH, 90101 3S 4|S(184)^ li\ 3 U-^mmB 

(185), «| 4 D-mg#^(186) S R-S MH##(187)e St^Q. M I D-MglM(182)2J ^1 3 0- 

— - ■ — --g(i86)2i assess 




til 3 °y(l95)£ ai§ 4IS(192)21 UliH7l(193)S SSMth. 4|S(192)^, N tilS EE1 2Hy01l 21 
fill 3^ ^y(1^)SS^E1 3^& 9OI0IM MSB(roost significant bit)2r LSB(least significant 

bit)S BHS!*h7l 54*1 Q9a#^A|(de-ffiultiplexer ; 191 WH2J c!Hx|Ml S^ttO. d|Hl?|(193)^ 
? 7HEJ XOR(exclusive-OR) 71l0lS2h *[U2j NOR ^0|S# 7W~fJI, ^2*91 XOR >ilO|E^ 3f^ 90101 
21 MSB N7H 9} LS8 H7WW aaEIS«!AI(191)S' ^ STOWED. XOR nO\*M£, 30& S1W0I 

s= -^°xi o^yxl 3#a ^Hresj msbmhi- lsb^# u\myn. Hiisa ^2i#^ nor nm&s. 

|«!a. E^ 6 ^2rM0l E^ KrS, NOR >1I0|S^ feE| «ll OIUC'I^S ITO 01 S^, 

#71 MSB. S/ LSB~ ec/ojgc ^rjj S2j(l50)(Hl 471 EfEIOIEH ( Init _UM_0)3A1 S«&Q. 
S»2f 3S@ S2rS0l E^ ^X| ^Qh3, NOR 71101 ife.fea S^ HIS("0")S S%tK 01 3?, 731 CH 
Sy(198)S #UI^ 901017^ 3i£IA| SKSDH .511813 S^ HUaoiEKIIO) 3§ ^y(188)# El 
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55 *K>. 

*l!0i ^(198)^ A]^y 13 HCH 53 (system clock control logic ; 196)2f N UIS HE! £«y ?K 
/□3P(N bit free running counter/decoder ; 197)1 ' SSIttD. N H!B *EJ ^y ^SEt/DSDO 
ft M±W 13 MO\ £3(196)2* fflS AH3I011 SBBD. N dim = EI Sy ?r£E1/C|3D1 

(197)ft £71 HII27I(193)°| §301 "0^ OB 2I011OIM £101 N HIM ±EE1 ^yf 4=iloH2, £71 13 a 
UaOI£1(110)S¥E12J 13 #71 SH*I£IS(192)2J EHXI1S 3SSr7l DBEIS«IAK191)B 

aortiD. ai^h 13 mo\ g2j(i96)^ uii27Ki93)> 3§ saoee*. n.hib =a &iy ^isEi/aaa 

(197). 3EIH 13 «ma 01 El(1 10)011 E^SD. 5J2f-'b|jii7l( 193)7h AI^H 13 3QICH £3(I96)£S 
D'ft fiettH, AI£B 13 SUCH S3(196)S WnuaiOI£i(110)2l- £^(188)1 353 *IO.- El 
flfi 3 13 HUaOIEKIIOpt 2£> h #EHS tl^O^S, AJ£B 13 J3ICH SS|(196)S B3 XDUejIOIEI 
<110)Bi£E12| 13 dfiS N U|E = BI &iy ?hSa/D3CH(197)S S£*0. 

e 6^ e soil eais iiaoi as sissj sari aawi to eioise oid. & 5 a £ eg ssst 
9, n 1 a a 2 d §uiii§ 13 dstcLouTwi seti/d bbs hb 4*Bt»D. 

F/F <1> ft a 1 D SglBS(18Z)2j £e BjUOIH, niti F/F <0> ft a 2 D mH#M(193)21 £^ B2I- 
OID. B3I0I 2# £lS(184)ft, B2fr F/F <l> F/F <0> , HEII2 S3 13 Ai2:(CLK_IN)(H) § 
StHAi £3 13 dlS(CLK_OUT)ffl- S3 13 ds^CLKJN) AHD1°| SHOIB gfitJO. £ W EAia Uh 
2} &Q|, SICH 9&ilO|7> 1 d!M BS(blt tine) SD BH 2 HIB ErS fiD 5|Q9. SB2 BMOI 
ft "U"OI &D- Oift S3 13 £S(CLK_IN)EJ Oi|Xi(rising edge)0U1^ S F/F <0> 

a f/f <i> (hi BjtH assD. asm, shmai ast* ui^r boi, m ?h°j ass sauopf &jq st 

Ai^rg #3 ^CH 53(196)£ El 58 £!3:(Reset)l 0|g*8 13 KiUaiOlEi (110)21- 3^ £^(18 

8» ei 53 tio. a aa a 13 bumoieuhow as- £ehb 132 as, »isi 13 s$is ras 

£ ?s £ 5011 EAIS S9I0I SISQi 2J«HAI S^S SICH BZIOIOI :CHg2|ft £?\ EjaaiElP fid 
^71 E30ID. E. 7© &5or9. A7I KhEKJIE-l ( I n i t _UNLD)ft sJCH SCflOIOfl BJSH 

BSSCK £ 6 3! Si 701) E'AIS Hf2i SOI, S«f'aCH SiaOl^ 1 bl& ErS fiP- 2 -UIS. ErS 
SfCra. ^1 EhEK]IEKInit;UNLD)ft "11"S 3SSCr. 2HL^e, 01 Ql Blfl a lUf F <1:0>^ 

Tr. dpi .insoia. 3Em, one mo\, ew-aai aaoi^r i ao- sera, neKnac-init-jRO) 

ft --ors BSSD. 

£ 8^ E 4011 EAIS SE/2!£E W X1101 SOI^^I 5ISE0IQ. 32}H E 9ft E 8011 

EAIS SE/3SE -flq HICH SS|2| SSM Hffl-Wl flfi- EfOISE OiD. 

E Bl »3£*ia,- SE/ESE B^ a 01 ^^j(15d)S 23SE aOI'dfi WB-t|S(15Z) S SE XilOidH 

B«as(i'54)s Sato. asE-acHtis vtfgscisz^, k aoi ss{(i40)oiiAi aoia <y 

£(CLOUT')2h BEOOI gSfflS(.1B0)SE1. BSB ±71 EhErOIEi( lnitJJNLD)g BfOhfiQIAl 7H21 2 
SE at)1 d2:l(UNLDs)# ^o^l ^Iti" ^ 7H2J D 5*^0; 2j^E MOi i!S(UNLD)°J 

#eflOIM asS'^21 S3 dS'(CLX_IN)M,-SB*IIAI 7H£] BE 'AOI d£-B(LOs)B 
?|*J- ^ 7H2J D-Klltl SttrtKH. SE aOi dS(L0)2|-£7l ^ "00"S'S «9SCh 

E 91 #2oH2, &9f 21 5E 3^101 dfi(UNLD)2| £?\ 2WI "IPS 5!iH2J3, 2!SE T^ICH dSCUNLOJft 

»i M3 as(ct_ieour)Oii §&smai -io\ -oo-, -or, asia -irsi ^ai-s ewtn-Ai aaau. aEi 

U- SICH 6!SiLD)ft'W S3 B3 d±(CUCIN)01l BEMAI "01". "IT. "10", TJ0"2| ^ 

E 10g E 4011 EAia ^E/2!SE flElMMH £01371 ^ S1SE0IQ. E 101 &5*I3, SE/3 
SE BE|-MAI(160)ft C1I0IE1 ^9 S|g(1 61)21- HOIEI 2)^9 -fflS(166)B 3WtQ. C10IE1 al 
M(l61)ft C1I0IE1 Sy D3a( 162)21- 7H°1 HOIEI £3 ^Eim^A1#(163)# HOIEIja 

^y SBd66)ft qioiei eisy a3a(i67)2h «oiei ssb BEiB«iAiB(i68)r ~ ' ' 



sy ti^(i66)ft aioiEi eisy □aa(i6?)& jhsi cc oiei asg gEi#«iAie(i68)g stMO. 

Oi S^Ofl S101A1, S32lft SE XllOi d5:(LD) S 2?£E 73101 ^±(UNLD)ft ?W 47H^01ES, OIOlEi 

zrasi qioiei ey beibbiaib(163)s, ciay s se aoi d^(LD)oii iBtui #aioi^ siss^ 

E121 S3 EaO|E1(0ATA_lN)B SStfch DW7WS, LHOia 2!^y BEIBS«IAIB(l68)S v a3a 

B SOI dH(UNLD)Ofl €&78A1 gya S3 C1I0IE1(DATA.IN)S O^Ei LH" EU0IE1 Ui^ 

E IIS E 4011 EAia M3 5?-iy 3521 §SJB £01^71 EK3ISE DID. E 10. B E V1B 

Si-^f 2JSE aig >y2(UNLJ])2J ±71 -SfOl -"irS 5!)U 'EI21D9, 2!SE g'ig. 6H(UNLD)ft 
§3 .13 ais(CLK.0UT)01| BQ«RAI "10", "00", "01", 3E1U "11" £A1S a^^^S WBBD. HEI 
H gE 3§i i!2:(LD)ft S3 13 dS(CLKJN)(HI "01", "11", "10", DR\H "00" £A|g 

B4SBD. OI UH, BEifiqAIB(16X 168)011 W zptfil ^EIM^IAIP^, S3 HOIEI 
^OATAJN)! SE/2!^E o^l 9|oH £E aBB.dS(LO) 3! 2SE 3§i dS(UNLD)(H ggtBAl a 

ai5:(UNL0)°1 ±71 2J0I "11"S.«B EISiDS, 01 ft SICH ^BflOI^I- I U|g ErS & 
D HI2 2 UIM ErSMD 5|Crft 21B 2IDIWD. ICErAI. & BSOfl 2ffif 13 SBB SlSft, 3 SIS 
AK)|2| Q0OIE1 SSI BEflOIOII Stfl ST^ BjI ^§SKAI7|7| 9|t| 2!SE a 01 d2l(UNL0s) "10" S! 
WM-CHBSIft 5 131 S«S-tiCK«i. DI3 S^StD) . 

BBB2I.3BB-* ^^2J QIOIEI BB.BEIBB|'AK163)ft # "01". "11", "10" S "00" ^A12J 
SE- aCH' dS(LD)011 gStBAl S3 CflO|Ei(DATA_IM)B' BBtflB. DlOIEf 2J£y ,BEJB««AI(16B)ft. 
"01", "11", -10 s 3! "00" $42|. BBC ^|CH .d2(UNLDp gS^HAI BBB.Bq CIQ|EKOATAJN)S B 
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9*>d. out es, se not dsCLD) -oroo mm ssa o.^ choiekdatajn)^, 2ss «ich 6! 

2(UNL0) "OrOi! OteEl SISS 2S9 EICH aaiOIOil Stf§ BWI BH DIOlEie S9/2S9 V 

3 g2K fi ^011 2|« ^5? S?I9 il£5, SJEHfOOf— l^i AK3ISJ §jQ]0l§ »S££ BWKQ 3 
gil! 92H0IDII 4>Mo^ S9IS : £T£S4N, 2JM0|^ 9393. SEfiOlOII 8H2 

ttS# AI0I2J DI0IE1 S6fi SOI 44ltt ^ 2iQ. 

OI40|iA|, g gfgOll COM 3! #7fet .93 3! £9 Oil CUBJ EAIofSXlB 0|£ DOS 

•§CH ftfStt 2W glfSfCH B S^SJ 7ls3 A^9 ^CHLCT 3fe" B9I LH CHI AH g&- 3! £201 

0|2h SxlOli 21SUA1, SS# AMDISI °]EOHIO|± 939 AKM'2| UttO'lM : fcSSS .a«ffl 

a aaioioi gmztz m^mm ssis **£s^, 2]eihioi± e^#°i aaoioy era ata sis 

-9 AH3IHJ Cfl 01 El 2£M S>^ 2101 4* ,8Q. 

(srj &?2f 

1 

□ All Al^gJDfl 21DW: 

^ei 5^IS 5|S# S&tKQ, XI I d£9 flfgftPI *l*J DI-^E-I SIS; 3SI3 

4^i Dh-4fl sischi aaacH, 491 39 i Ajsoa m 2 93 asg fltwpi #aiois 
491 swa sis^ h 2 {M2f gonoiii, 11^121^ as* ajoisi ibdois 

^2, 3SIH 4^1 a§S iJfllOlM 7|iS ftKH 491 Dfr£EI S|£2| CH0IE1 SE/2SE £71 2f9 
HSJ^S SKr AhS §64 93101 St S! £71 HHEWIEI sgg 3ra ge| 5$J9 SIS, 

.93 £?ia 5IS01I SiCHAI: 

M3 w9*pi 93 aueioiEj&tJ 

D^EI CHOI El ejE1IHIOI±9 fltt W¥ LH 01 EH Hi ±21-; 

491 93 XIUaiOIEiSh 491 LH£.CBO|EI HiiMHI. 33EIII, 491 #^ AjsOil gQ$HA1 QI0IE19 #2001 
S|S-g g^5F7| ^ EilOIEI flICH 'S^Hh; 

m siuaioiEiofl s^tioi, 491 #^ ^st ^101^101 mo\*i .ti&m dssAj 
49i #eyois siss vwpi xbqi ssihk- 

491 491 e». ^fffi-SJ EIH^l gsj A}^°J S^J AH3l°J aa 019.3 S 

dbh ass yaioioii i^ti ssisspi $itr i^i ©EioiEii ^§i9i 9m a eii 

01 g# SJS2K* 

491 aeooi sisai- 491 mo\ s^chi s^tin. 491 £?\ maoiEicHi sq*hai se 731 

CH ^£121 TyiCH t'Ssi ^4ISPI Sfet SE/2SE ^ WICH S^2h: 

491 W ^lUBIIOIEH^ 491 SE/^SE «10i AKJI&fl 935101, 491 fllUMOIEHS^EI 
M«4 '«IOI 3BI2 

491 #E{|0|^ SISS^EI^J gj^ QIOIEiS Si^h3, 3aH 491 SE/2»SE 1^ JflCH S*I£S^ 
2J SE S» 2JSE XI CH >Js:MO|| Sa*BA| 491 SSS CilOJEiM 491 DflOlEi XflCH S3]^ WoB 4 
71 0I-^E1 S1S°J 49l LH " LHOlEi tH^S 3S9S9I SE/2?SE ^EtM^AiP ^ 

gas sfe -3W m aaoi a^ s &71 m^e sis. 

fll-2 SiCHAI, 

49i saioi a# sis^> 

471 §^ 491 &q K d2 AhO|2J 491 901019 29ftPI W a§ 

491 aas aaioi99 uijumz. as ass aE«oi©oi ^*i^ qm dims gs^ 491 i7i bkioiei 

SA1 49I SE/2SE 9^4 ^ICH S^i^S «r«WI bl3 

49i ass aaioi#oi 2^ irn »ss 491 e^xuuaioiEi^ 491 aa ^em Eussm, nan 4 
71 a^s ^aioieoi 2^ ^# tuinhxi n uis =ei ^yoii 491 aas aaon# yiiSohEs 4 

71 HliU 4=99 KllOmPI ?ltf X1ICH 4^B9 St»KM, 

491 a# n 7H2j ^aioi^ a§*^ §gss w§ 9^ aaioi a§ a a?i n^i 
Ei fiss m#m 7ha eej 5*ia sis. 
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#71 Sg 

#71 sy^s^Ei a sntsi- feaidis siss^Ei°i eq aswi sbwai #7i § 

#71 S?y2| 2,^21 ggJHSS #71 D^Ei S|SS¥E12| gq .«q dSM s^flAI SgSfih 

= ^g^s m= »s m siaoi a «i tckiiei «s m#e 7© sq sis. 
#7i mm 

CISEiWAISI: N ?H°J 2Hxie ?H|«|OL N UIS SSI 23011 2tfB #71 2§ ^BSS^Ef 2 £3 gSfl 
0i#2J MS8(nost 'significant bit) 91 LSB(least significant bit) z*zhl EHSWI 3IS S 1 *; □ 
£113 

#71 EHS Sy£S^EI2| MSB 31 LSm blJUohH, 3£iH E^ MSB^Hh E£ LSBMOI 2|7! im 

W #71 MSB! § 01b oWStt LSBg § Oib »mfi #71 £71 D}£H3|E1SA1 #7| SE/2SE XflCH S 
S qs^| °^ Hlia Syf SiffKr 2s 1923 Sfe X}§ iq @2U0t SS a £71 tthElfll 
Ei 7h2 gq SIS. 

N idle H 5 | £*!^7| 9\U #7| CISEIgSIAIg JOOram, HEII3 #71 gq* aUOIO|E1S^E12| 

#q dif £71 2HS £y2S S=*h7| N HIM = S| £2 7|^E1/C|3Q|; 3 £112 

#71 #q HUSOIEISt #71 2g 3i!SKtl, 3£|H 2g£! ^2h#0| 3= If*] 8*g I» #71 N 

biM =ai ?fSEvaaas °!DH0igAi?i7i w ai^j gq *hch s*i# swra. 

#71 A|±y gq 33ICH #71 gq HILieilO|E17F §# #EHS SSI* 3 $ #7| gq d2f #7| 

N HIS SEI ^£E1/CI3DS SSSfe 2g tt§ #q 921101 3# S! £71 ttfEffll 

Ef : fiig n^e 7ha ^q sis. 

OTB 210! AJ, 
#71 SE^SSE ^101.35!^^ 

#71 ^aoi^ 5i£^Ei°i =#7i aq sq ^sdii simiAi ek^ 7h^j noi .tiamm *i 

SE JlOi da ^ .^B; 3£IH 

#71 -1^ SIGH £3jog^ Ei oj jpcg. Ai^Qfl SStBAI Q4= 7H^ 2?SE Hid ti£H ttWI-71 

^1*1- 23E.XJICH dS tttf 5^S^ 31S I§25 5^ Xl-S ^q SeilOl S! A7I ttehDI 
Ei AS M< 71-2 #q SIS. 

#71 SE/23SE aEle^A!^, 

QioiEi ss ciaasi- cms ?hsi bqw-aih swm, #7i se *iidi dS©Hi sEm/d #7! #ai 
ois siss^ei a*a #71 aq qoieis saspi ^1*1 cdioiEi ss sis; asm 

CilOlEi □ 20121- Q4= 7H^| BEIgeqAIgg #71 2SE flICH tiMOfl-SQtlAI #71 

S9^i gjq CilOIEIS #71 L1QIE1 KOCH S^ls SoH #7 1 0^ SISS 23SS9PI DQOIEH 
S t S# 5*^he 2# m92S 6^ 7^ #q H50OI 2g S ^7| IUHfDIEf «9 7h2 #q 5 

S!9 SIS. 
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